Taking the informing science perspective that construes systems at three levels of abstraction, we integrated findings from prior studies into a model for system use in mandatory environments. Data collected from 333 municipal government employees using mandatory systems were used to test the model. We found that captive users' attitudes toward system use plays a pivotal role while intention to use, the central construct in the Technology Acceptance Model (TAM), loses much of its explanatory power in mandatory settings. Both attitude and intention are not good predictors of use. Data analysis also supported our hypotheses about information quality, a system characteristic important to the first-level informing instance, and net benefits from system use, which are the main objectives of informing at the second level of abstraction. We discuss the implications of our findings for system design, the fundamental activity at the third level of abstraction.
Introduction
With the increasing integration of information technologies (IT) into business, today's organizations tend to sanction the use of information systems applications over which their employees do not have the privilege of selection. For example, applications such as enterprise resource planning (ERP) systems are widely used and standardize the way software technologies are applied to business processes. Alternatively, an organization may install a standard array of desktop applications, each befitting certain tasks. To study system use in such mandatory environments, researchers often apply the Technology Acceptance Model (TAM) with two approaches: (a) using the TAM as is but adding voluntariness as a moderator, or (b) adding antecedents to perceived usefulness and perceived ease of use. Either way, the constructs of intention to use and use are central to the models, as they are in the TAM. We argue that both approaches are incognizant of the fact that, in mandatory environments, intention and use may not have enough variances to be meaningful criterion variables.
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Informing science considers systems at three levels of abstraction (E. Cohen, 1999; Gill & Bhattacherjee, 2007 , 2009 . From this perspective, the centrality on intention and use reflects a limiting view that construes mandatory use only at the first level, i.e., the user is informed via system use. Mandatory systems, however, often aim at goals achieved only when new instances of informing occur. For instance, governments are taking advantage of the ever-increasing capabilities of IT to make their citizenry better informed. However, employees' mandated use of IT systems is no guarantee that benefits made possible by IT are indeed realized. To inform the citizens, first the employees must be properly informed and be able to trust information output from the systems. Second, a new instance of informing takes place when employees use the information to inform citizens. The desired results are benefits to the governments, such as better relationships with their constituencies, cost effectiveness, and positive image of the governments.
The purpose of this paper, therefore, is to develop a theoretical model to explain mandatory use of software technologies by employing multiple levels of abstraction in the spirit of informing science. Such a vantage point affords us an integrative view on prior studies. We adapted Wixom and Todd's (2005) model to explain a conceptual gap between system characteristics (specifically, information quality) and system use, which McLean's (1992, 2003 ) milestone models of system success have not addressed in full. Wixom and Todd (2005) filled the gap by reasoning that users' evaluation of system characteristics ("object-based beliefs") impacts their affective feeling toward those characteristics ("object-based attitudes"), which, in turn, exerts influence on two TAM predictors of use -perceived usefulness and perceived ease of use ("behavioral beliefs"). Although Wixom and Todd (2005) did justice to user attitude toward system use ("behavioral attitude"), their model was not specifically designed for mandatory environments and thus treats intention as the ultimate criterion variable. We addressed this by introducing DeLone and McLean's (2003) constructs of user satisfaction and net benefits. The latter is the goal of informing at the second level of abstraction and the former is the connection between the first and second levels. Looking again at government systems, employees who are satisfied processors of information are the key to the successful creation of new instances of informing.
This paper is organized as follows. First, we briefly review the informing science framework and the three levels of abstraction, which are the foundation of our theoretical approach. Then, we propose our model and introduce the relevant theories and models that we integrate by using the informing science approach. We discuss why and how particular aspects of them are important to our model and present our hypotheses regarding the relationships between the constructs. Next, we describe how we collect data from users of mandated systems at a municipal government. This is followed by the results of data analysis. We then discuss our findings, especially the pivotal role played by attitude instead of intention. We conclude the paper after discussing its research and practical implications.
Theoretical Background
The aim of this paper is to build an exploratory model of mandatory use of software applications, following an approach in the spirit of informing science. E. Cohen (2009) defines the goal of informing science as to inform the clients with proper information so that their effectiveness is maximized. The informing environment is a complex one that can be viewed at three levels of abstraction -(a) the instance of being informed by an existing system; (b) the creation of new instances of informing; and (c) the creation of new designs for informing (E. Cohen, 1999; Gill & Bhattacherjee, 2007 , 2009 . Taking this perspective, we can see that many organizational users are involved at least in the first two levels. They are informed by the output from the system (first level) and, in turn, use the information to generate more information for the organization's clientele (second level). For government employees, this is particularly so because the goal usually is to serve the government's constituency with information. At the first level, the employees are the client who is informed by the system; at the second, they are the informer who informs the external client, i.e., the citizenry that the government serves.
The ultimate goal of information systems is to enhance the effectiveness of the informed. Thus, a task completion system is an integral part of the informing science framework (E. Cohen, 1999; Gill & Bhattacherjee, 2007) . For organizational information systems, that translates into impact on the organization. McLean (1992, 2003) summarized a plethora of studies on system success and proposed net benefits as the ultimate goal. For governments, information systems should generate the benefits of a better relationship with the constituency, more cost-effective ways to inform the citizenry, etc.
An information system is composed by interrelated task, technology, structure, and people (Gill & Bhattacherjee, 2007) . Therefore, while technology sits at the central position (E. Cohen, 1999) , study of the informing science framework also calls for research on the "[b]iological and psychological issues in how clients attend, perceive, and act on information provided" and "[t]he decision-making environment itself, including its sociology and politics" (E. Cohen, 2009, p. 6) . Important psychological factors that influence the use of software applications have been the focus of the Technology Adoption Model (TAM) and related research. However, most of the TAM studies examine users' voluntary adoption of applications, whereas many organizational systems are implemented in a mandatory environment. To date, studies of software use in such environments are still scarce. Our model (Figure 1 ), therefore, aims to address mandatory use of software, from how well the users perceive that they are informed (information quality) all the way to the organizational benefits realized from use of software. For the consideration of parsimony, the current study focuses on information quality, since low-quality information can cause misinterpretation of information, with serious organizational and social consequences (E. Cohen, 2000) .
Figure 1. Model for Mandatory Use of Software Technologies (MMUST)
As we will describe in upcoming sections, McLean's (1992, 2003) information systems (IS) success models left a gap between information quality and system use. Wixom and Todd (2005) filled the gap but did not consider anything beyond the intention to use systems. Their model, however, testified to the explanatory power of the TAM even when beliefs toward system objects are included in the picture.
The epicenter of TAM studies, however, is the intention construct, which is irrelevant in mandatory environments because users must use, not merely intend to use, a system. Nevertheless, researchers on mandatory use still cannot shake the habit of including intention in their models, while rarely considering organizational benefits. In a sense, these various research streams resemble the disciplinary "laser research" (E. Cohen, 2009) , providing more depth than breadth. We, therefore, take a "lantern research" approach to study mandatory use of software, with the hope of "enlightening interrelationships of nearby objects" (E. Cohen, 2009, p. 2), the objects in this case being the pertinent constructs studied in the various research streams.
DeLone and McLean Models on System Success
Like E. Cohen's (1999 Cohen's ( , 2009 ) informing science framework, McLean's (1992, 2003) IS success models drew upon Shannon and Weaver's (1949) theory on the communication process. Synthesizing an enormous array of studies on system success, DeLone and McLean (1992) organized the various dimensions of success proposed by researchers into six categories -system quality, information quality, use, user satisfaction, individual impact, and organizational impact. This taxonomy had its roots in Shannon and Weaver's (1949) view on three levels of information. DeLone and McLean (1992) further posited that as information follows through the stages of its consumption, system use correspondingly manifests its impacts at various output levels. Along a temporal axis, a system first demonstrates various degrees of system and information quality. Next, during their use of the system, users become satisfied or dissatisfied with its information products. Their use of the system then brings about impacts on the users' work, which then collectively lead to organizational impacts. In their ten year update of the model, DeLone and McLean (2003) proposed the use of a single "net benefits" construct, instead of the separate impacts at the individual and organizational levels, as the ultimate criterion of system success (see Figure 2 ).
Another notable modification in the updated model was the introduction of "intention to use" into the model as an alternative to use. DeLone and McLean (2003) , however, were rather brief and ambiguous in their justification of such an introduction. They simply suggested that "'intention to use' may be a worthwhile alternative measure in some contexts" (DeLone & McLean, 2003, p. 23) . In contrast, when presenting their original model, DeLone and McLean (1992) explicitly pointed out that "actual use, as a measure of I/S success, only makes sense for voluntary or discretionary users as opposed to captive users" (DeLone & McLean, 1992, p. 66 ). It appears that their introduction of intention was no more than an acknowledgment of the massive influences of the TAM, at the center of which sits the construct of intention to use. Moreover, in both renditions of their model, McLean (1992, 2003) did not provide a detailed account of how system quality and information quality are related to system use. This gap was filled by Wixom and Todd (2005) , by connecting the quality constructs and other constructs from the TAM. Their model also drew heavily on the TAM. Therefore, before we introduce Wixom and Todd's (2005) model, in the next section we first provide a brief overview of the TAM. 
Technology Adoption
Ever since its birth in the late 1980s, the TAM (Davis, 1989; Davis, Bagozzi, & Warshaw, 1989) has enjoyed extensive application and testing (Nah, Tan, & Teh, 2004; Venkatesh & Davis, 2000) . A recent meta-analysis of TAM-related studies (Yousafzai, Foxall, & Pallister, 2007a , 2007b turned up 145 TAM-based articles published in 57 journals.
The TAM has its roots in the Theory of Reasoned Action (TRA) and there have been numerous variations on the TAM over the years. The TAM offers insight into how behavioral intention is formed. In its original form, the TAM posits that attitude toward use of a system is determined by two behavioral beliefs -perceived usefulness and perceived ease of use (see Figure 3) . Perceived usefulness is "the degree to which a person believes that using a particular system would enhance his or her job performance" (Davis, 1989, p. 320) . Perceived ease of use is "the degree to which a person believes that using a particular system would be free of effort" (Davis, 1989, p. 320) . Both influence the user's attitude, which, in turn, influences user intention to adopt the application (Schepers & Wetzels, 2007) . Moreover, intention has been found to be a stable and strong predictor of system use (Taylor & Todd, 1995) . Since its inception, Davis' seminal work on the TAM (Davis, 1989; Davis et al., 1989) has spawned a remarkably large stream of related research. Venkatesh, Morris, Davis, and Davis (2003) identified and analyzed eight models that were closely related to the TAM and integrated them into a single model called the Unified Theory of Acceptance and Use of Technology (UTAUT). To indicate that the constructs used in the UTAUT were the result of synthesizing various related models, Venkatesh et al. (2003) replaced the label of "perceived usefulness" with "performance expectancy," and "perceived ease of use" with "effort expectancy," although the underlying definition of the constructs remained essentially the same. We prefer the UTAUT labels because of their independence of any particular TAM version or related model.
A major drawback of the TAM is that it does not provide an in-depth explanation about how the two beliefs (perceived usefulness and perceived ease of use) are formed or how they can be managed to alter user behaviors (Jensen & Aanestad, 2007; Yousafzai et al., 2007a) . Numerous studies were done to extend the TAM in terms of adding antecedents and moderating variables. Most notably, Venkatesh and Davis (2000) proposed the TAM2, which identified the antecedents to perceived usefulness, such as subjective norm, image, job relevance, output quality, and result demonstrability. A similar study (Venkatesh, 2000) identified another set of antecedents to perceived ease of use.
More recently, Venkatesh and Bala (2008) integrated these two studies into the TAM3. They also suggested a number of interventions that may be implemented to influence the determinants of perceived usefulness and ease of use. Additional research has also combined the TAM with other theoretical models and shifted the focus from initial adoption to incorporating multiple stages of continued use, e.g., the Technology Continuance Theory (Liao, Palvia, & Chen, 2009 ).
Wixom and Todd Model
Also detecting the conceptual gap between system/information quality and system use in the literature, Wixom and Todd (2005) suggested that the missing link could be found in the TAM (see Figure 4 ). Wixom and Todd (2005) categorized all pertinent psychological constructs into object-based and behavioral types. Within either category there are beliefs and attitudes. Constructs that are related to system and information are object-based. Thus, system quality and information quality are object-based beliefs. Each of them respectively is related to system satisfaction or information satisfaction, which are object-based attitudes. The critical linkage in the entire picture is the relationships between object-based attitudes and behavioral beliefs, which are perceived usefulness and perceived ease-of-use in the TAM. As posited by the TAM, they influence users' behavioral attitude and, eventually, intention to use the system. In Wixom and Todd's (2005) view, object-based attitudes are poor direct predictors of use-related attitude and intention. However, through the mediation of behavioral beliefs (usefulness and ease of use), they do exert significant influence on behavioral attitudes, if they are consistent in time, target, and context with the behavior, i.e., adhering to Fishbein and Ajzen's (1975) "correspondence principle."
In terms of information quality, this object-based belief is the user's perception of the quality of the information included in the system (Wixom & Todd, 2005) . The attitude behavior literature purports that beliefs about objects are linked to attitude toward the object (Ajzen & Fishbein, 1980) . Everything else held constant, a commonsensical user will be satisfied with a piece of information if it is of good quality. This increases the user's confidence in using the information for carrying out tasks on hand. In other words, a user satisfied with the quality of the information he or she receives from the system is more likely to perceive that the information will enhance his or her work performance (Wixom & Todd, 2005) . Therefore, we hypothesize that:
H1: Higher information quality is related to higher level of satisfaction with the information.

H2: Higher level of satisfaction with information is related to higher level of performance expectancy.
Although Wixom and Todd (2005) illustrated a gap between system/information quality and use and IT value, their model did not complete the bridging work; rather, it stopped at intention. Neither use nor benefits from system use were covered. In addition, their model was tested only with volitional users and no test was done on the model's validity, or lack thereof, in a mandatory environment. We posit that in such an environment, attitude rather than intention should be the piv-otal variable. In the next section, we discuss the past efforts at extending TAM to mandatory environments.
Mandatory Use
In a mandatory use environment, "users are required to use a specific technology or system in order to keep and perform their jobs" (Brown, Massey, Montoya-Weiss, & Burkman, 2002, p. 283, emphasis original) . The user must use the system, regardless of whether he or she intends to use it. This is in stark contrast to the volitional usage behavior studied by most TAM research. Mandatory use was considered a probable cause for mixed findings in TAM studies (Hartwick & Barki, 1994; Mathieson, 1991; Taylor & Todd, 1995; Venkatesh & Davis, 2000) . There have been efforts to modify the TAM to address mandatory use of software. However, to date they are still few and far between. Moreover, our observation is that intention to use has been so vested as the central construct in the model that researchers have a strong tendency to use it in their models for mandatory use. The paradox here is that, if a user is required to use a system, their intention to use is not likely to be relevant (Brown et al., 2002) .
There are basically two approaches to using the TAM to examine mandatory use (Nah et al., 2004) . First, some researchers used the same model to study both mandatory and volitional systems (e.g., Brown et al., 2002; Venkatesh & Davis, 2000; Venkatesh et al., 2003) . A typical modeling adjustment undertaken was to model voluntariness as a moderator of the relationship between intention and determinants of intention (e.g., Venkatesh et al., 2003) . This was the approach used by the TAM2 (Venkatesh & Davis, 2000) and TAM3 (Venkatesh & Bala, 2008) . In Venkatesh et al.'s (2003) UTAUT study, voluntariness was only found to have significant moderation effect when it interacted with three or four other moderators simultaneously. This, however, added complexity in interpreting the moderation effect and the exact role voluntariness played in the model. Parsimony of the model suffered as well.
Second, other researchers call for the reprise of the attitude construct that was in the earlier versions of the TAM but has disappeared during the evolution of the model. Attitude is an "individual's positive or negative feelings (evaluative effect) about performing the target behavior" (Fishbein & Ajzen, 1975, p. 216) . In the original TAM, attitude toward using the system (the "target behavior") was modeled to predict behavior directly (Davis, 1989) and to mediate the influence of perceived usefulness and perceived ease-of-use. Over time, intention was introduced and studies conducted in volitional environments showed that the explanatory power of the model was equally good with attitude removed (Brown et al., 2002; Nah et al., 2004) . For the sake of parsimony, attitude was removed in later versions of the TAM, including the Parsimonious TAM, UTAUT, TAM2, and TAM3. As researchers broadened the contexts of system use in TAM studies, the importance of attitude resurfaced. For example, the TCT applied the TAM to explain the intention for continuation as opposed to initial adoption of a system. Attitude was found to be a significant predictor of continuance intention (Liao et al., 2009) . As for mandatory use, arguments have been advanced that the removal of attitude causes an inaccurate representation of the phenomenon (Brown et al., 2002; Nah et al., 2004; Yousafzai et al., 2007b) . Since captive users must use the system regardless of their intention, the linkage between intention and use and that between attitude and intention are broken (Brown et al., 2002; Nah et al., 2004; Yousafzai et al., 2007b) . Short of rejecting the use outwardly, displeased users have to cope with cognitive dissonance by altering their attitude toward the system mentally (Rawstorne, Jayasuriya, & Caputi, 1998) . Thus, in a mandatory setting, intention is not appropriate for assessing their mental acceptance of the system (Nah et al., 2004) . For these reasons, models of mandatory use of software should include attitude as a key construct (Brown et al., 2002; Yousafzai et al., 2007b) .
A fundamental difference between a mandatory and a volitional system is the organizational consequences that system use carries for the user. For the former, system use is mandated based on the organization's aims and objectives. Users are obliged to use the system because that is the only way of accomplishing their daily tasks (Adamson & Shine, 2003) . Performance considerations surrounding the use of the system often are the users' main concern (Taylor & Todd, 1995) . They can lead to reward or punishment for the user. Hence, a user's attitude toward use highly depends on whether he or she believes that such use will enhance his or her job performance, i.e., performance expectancy of the system (Adamson & Shine, 2003) . Brown et al.'s (2002) study of mandatory users even found that performance expectancy completely mediates the effect of effort expectancy (perceived ease-of-use) on attitude, while the relationship between effort expectancy and attitude is not significant. Therefore, we hypothesize that:
H3: Higher level of performance expectancy is related to more positive attitude toward use of the system.
A user of a mandatory system also can differ substantially from a volitional user in terms of his or her social environment of use. Traditionally, the applications studied by the TAM tend to be individual, simpler ones, whereas mandatory systems often are used for tasks that are tightly coupled with other users' tasks (Nah et al., 2004) . A user of a mandatory system cannot avoid paying attention to his or her supervisors' and peers' opinions about using the system. Put differently, the user is under the influence of the "subjective norm" (Taylor & Todd, 1995) , or "social influence" in the UTAUT terminology. Subjective norm is defined as a "person's perception that most people who are important to him think he should or should not perform the behavior in question" (Fishbein & Ajzen, 1975, p. 302) . It is part of the Theory of Reasoned Action (TRA), on which the TAM was based. A user may incorporate his or her important referents' beliefs about using the system into his or her own belief structure. Use of the system now takes on an additional social meaning, namely, earning the user credibility in the eyes of the referents. Through this "internalization" process the user will perceive the system as more useful (Venkatesh & Davis, 2000; Venkatesh et al., 2003) . Therefore, we hypothesize that:
H4: Social influence has a positive direct effect on performance expectancy.
For system use in mandatory environments, some researchers suggested the removal of use from the model because a captive user must use the system (Lee & Park, 2008; Nah et al., 2004; Rawstorne et al., 1998) . This rationale would make sense if use is operationalized as a dichotomous variable (use or not use at all). However, use is often measured as the frequency and intensity of using the system. Such a measure, although not perfect, still can be an objective yardstick of user involvement in system use. In mandatory environments, even if a user mentally rejects a mandatory system, he or she is prohibited from outright refusal to use. The user, however, may underutilize or sabotage the system (Brown et al., 2002; Markus, 1983) . This can result in reduced intensity or frequency of use. A significant relationship between attitude and use is supported by various empirical studies (e.g., Compeau & Higgins, 1991; Lucas, 1975; Porter & Donthu, 2006; Robey, 1979) . Therefore, we hypothesize that:
H5: Positive attitude is related to more use of the system.
For mandatory systems, users' satisfaction with the system is a more useful measure, especially when evaluating an individual system (as opposed to an IS program) (DeLone & McLean, 1992) . Overall satisfaction is often included in studies of mandatory environments as a mediator or dependent variable (e.g., Adamson & Shine, 2003; Lee & Park, 2008; Rawstorne et al., 1998) . This satisfaction construct is applied to the system as a whole. In contrast, "characteristics-based" satisfaction is directed toward certain characteristics within the system (Wixom & Todd, 2005) . Just as DeLone and McLean (1992) categorized system output and effectiveness into multiple levels to explain complex relationships, we model satisfaction as occurring at two levels. In addition to the characteristics-based information/system satisfaction, the user will feel an overall sense of satisfaction toward the entirety of the system. Through performance expectancy and attitude, cha-racteristics-based satisfaction is related to overall satisfaction. From the perspective of the informing science framework, characteristics-based satisfaction comes from the user being informed, as a client, by information output from the system (instance of informing). Overall satisfaction results not only from this instance and but also from the user's creation of new instance of informing (i.e., using his or her information to inform the organization's clientele). Since system/information satisfaction may be based on an arbitrary set of characteristics (Wixom & Todd, 2005) , having an overall satisfaction construct also provides the benefit of a more general, higherlevel measure of satisfaction.
User attitude toward system use has been associated with user satisfaction (DeLone & McLean, 1992) . Attitude can become a predisposition to respond favorably or unfavorably to a stimulus (in this case, the system) (Ajzen, 1988) . A positive attitude is more likely to lead to the feeling of satisfaction with the system. Empirical studies have provided consistent support to a positive, significant relationship between attitude and user satisfaction (e.g., Bin Masrek, 2007; Igbaria & Nachman, 1990; Rivard & Huff, 1988) . Accordingly, we hypothesize that:
H6: A user's attitude toward system use is positively related to the user's satisfaction with the system.
Organizational Benefits
The ultimate touchstone of system success is the net benefits the system generates for the organization, including cost savings, expanded markets, and time savings (DeLone & McLean, 2003) . It may be an important concern for organizations to encourage positive attitudinal change or mindful use of the system, but eventually the goal is to bring about increase in net benefits. However, researchers of mandatory software use rarely included net benefits in their models, with one exception being Lee and Park (2008) . Their study found that user satisfaction with the system is positively related to perceived market performance. Extensive studies have shown a significant satisfaction-performance relationship (Lee & Park, 2008) . DeLone and McLean's (2003) IS success model incorporated this link, as well as a relationship between system use and net benefits. Use of the system is purported to generate positive or negative net benefits, which, through a feedback loop, can impact future use behavior and satisfaction. Since feedback loops (nonrecursive models) are problematic to test with cross-sectional studies, we hypothesize that use and user satisfaction influence net benefits, but not the other way around:
H7: System use is positively related to net benefits.
H8: Overall satisfaction with the system is positively related to net benefits.
Methodology
To validate our model, we developed a questionnaire (see Appendix A for items on the questionnaire) and administered it to government employees in a mandatory environment. Items in the questionnaire were based on tested scales in the literature wherever practical. Information quality (3 items), information satisfaction (2 items), and attitude (4 items) were measured using scales from Wixom and Todd (2005) . Scales for performance expectancy (4 items), social influence (2 items), and behavioral intention (for alternative models discussed below, 3 items) were taken from Ventatesh et al. (2003) . Overall satisfaction (4 items) and net benefits (6 items) were created based on the syntheses in McLean (1992, 2003) . All of the previous items were asked using a 7-point Likert-scale ranging from "strongly disagree" to "strongly agree." In addition, we asked users about the frequency and intensity of their use of systems.
The respondents in this study were employees at the municipal government of a city in southwestern United States. The population of the city was approximately 100,000. The municipal government employed over 1,200 employees. We prepared a web-based survey and a senior manager of the city sent a letter to all employees to encourage their participation in the study. The employees were informed that their identity would remain anonymous and that their participation in the study was voluntary and refusal to participate would not adversely affect them in any way. We collected 333 usable responses. This represents a response rate of approximately 27%. Of the respondents, 55.9% were male and 44.1% were female.
Our survey covered only those applications whose use was mandatory. General business applications such as Microsoft Word, Excel, PowerPoint, and Publisher were not included in the study. In total, 20 different applications were used across all departments (see Appendix B). For each employee, we asked him or her to select the primary application that he or she used most often and to answer the questions based on his or her experiences with that application. The scope and purpose of these applications ranged from applications that were commonly used by almost all employees to those that were specialized for specific job functions (such as Court Specialists used by the court to track cases, payments, jury pools, and warrants). While most of these applications were commercially available as off-the-shelf packages, some, such as the BRIO Report Writing Tool and LaserFiche, were highly customized to the needs of the city.
Information on the number of respondents per department and application was collected (See Appendix C; ten respondents did not specify the application they used). In addition, we collected some demographic information on the respondents, while preserving their anonymity.
The survey respondents represented a broad spectrum of job types as shown in Table 1 . They ranged from office clerks to directors of departments. Similarly, Table 2 shows that all the departments in the City government were well represented. Non-response bias was assessed by comparing the early and late respondents (Armstrong & Overton, 1977; De Winter et al., 2005) . Independent t-tests were performed on early and late response groups to assess whether they differed in terms of job type, years at current job, or number of IT hours worked. The results indicated no significant differences between the two groups at the .05 significance level.
To detect possible common method variance (CMV), we ran Harman's single-factor test (Malhotra, Kim, & Patil, 2006; Podsakoff, MacKenzie, Lee, & Podsakoff, 2003) by performing an exploratory factor analysis on all the 27 items in the model. The unrotated solution revealed that more than one factor was extracted and none of the factors explained an overwhelming portion of the variance. Therefore, CMV was not a serious concern. After all, Malhotra, Kim, and Patil (2006) , based on retests of prior correlations, concluded that for IS studies, CMV does not inflate correlations in an alarming manner. 
Data Analysis
We performed a partial least squares analysis (PLS) on the collected responses. PLS has some major advantages over covariance-based methods such as LISREL, EQS, and AMOS. It avoids two major problems of covariance-based modeling -inadmissible solutions and factor indeterminacy (Fornell & Bookstein, 1982) . To obtain sufficient power, PLS requires a sample size that is ten times the number of regressions in either (a) the block with the largest number of formative indicators or (b) the endogenous latent variable with the largest number of exogenous latent variables impacting it, whichever is larger (Chin & Newsted, 1999) . PLS is, in essence, a process of iterative multiple regression analyses. Thus, power calculation for PLS is done by looking at one subset of regression ("block") at a time, for which power calculation methods for multiple regression such as J. Cohen's (1988) tables can be used (Liang, Saraf, Hu, & Xue, 2007) . Use of the G*Power 3 automated power calculation program (Faul, Erdfelder, Lang, & Buchner, 2007) showed that to have .80 power to detect medium size effect at the .05 significance level, a sample size of 77 was required. Since we have 333 responses, sufficient power was provided with this sample size.
Assessment of Measurement Model
The adequacy of the measurement model is determined by examining reliability and convergent and discriminant validities (Hulland, 1999) . As shown in Table 3 , the alpha coefficients of all constructs are above the generally agreed-upon lower limit of .7 (Hair, Black, Babin, Anderson, & Tatham, 2006) , showing a satisfactory degree of reliability. Convergent validity provides a measure of the variance shared between a construct and its indicators. It is gauged by examining whether items load with significant t-values on its construct and the significance level of .05 or higher is desired (Gefen & Straub, 2005) . Table 4 shows that our items support the contention of convergent validity. As can be seen from the table, all of these loadings are at the .001 significance level.
Descriminant validity is high when each within-construct item loads highly on the construct it is intended to measure and cross-loadings are lower than the within-construct item loadings. In our study, this is observed in the loadings and cross-loadings (Table 5) . Analysis of average variance extracted (AVE) is another way to test the discriminant validity of constructs. Discriminant validity is evident when a construct has an AVE whose square root is above .50 and higher than any correlation among any pairs of constructs (Chin, 1998; Gefen & Straub, 2005) . Table 6 displays the square roots of the AVEs of the constructs along the diagonal.
The off-diagonal terms are the correlations between constructs. As can be seen from the table, the constructs demonstrate sufficient discriminant validity. 
Assessment of Structural Model
We then assess the structural model. The standardized solution is shown in Table 7 . As can be seen in the table, all of the hypothesized relationships, except the one between use and net benefits are supported. Figure 5 presents the results graphically. The model explains a large portion of variances in the final criterion variable (net benefits, R 2 = .699), as well as most of the mediating variables (information satisfaction, R 2 = .783; performance expectancy, R 2 = .610; attitude, R 2 = .665; overall satisfaction toward system use, R 2 = .701). The R 2 for use, however, is a negligible .01. The next section discusses the structural model results in more detail.
Figure 5. Standardized Path Coefficients and Significance
Discussion
Data analysis results support most of our hypotheses about relationships in mandatory software use environments. Important prior studies had varied focuses along the chain of relationships from the quality of information output all the way to the realization of net benefits. Thanks to the "lantern" research (E. Cohen, 2009) approach, we were able to integrate and bridge findings from them. As a result, we gained some important insights.
One such insight beseeches researchers to seriously consider which pivotal construct(s) to study when using the TAM to explain mandatory software use. The TAM was developed with voluntary use in mind and based on a theory to explain volitional behaviors (TRA). The explanatory value of the TAM ultimately rests on its efficacy in predicting the intention to use a system. In terms of theorizing, the TAM was established on a causal chain that centers on intention (the attitude-intention-behavior link in the original TAM or the intention-behavior link in the parsimonious TAM, TAM2, and TAM3).
With volitional users replaced by captive users in mandatory environments, first to be reconsidered is whether a model about mandatory use should include and/or end with system use as the ultimate criterion variable. Second, since user intention is rendered powerless in such environments, could it be that some other variable, instead of intention, is more indicative of users' psychological reactions to the influencing factors in the environment? Put differently, those factors still exert influences on the users. However, now that users cannot refuse to use the system, those influences manifest not as users' intention but as something else. Our study results suggest that attitude may be a valid "replacement variable" for intention.
To test this, we compared two variations of our model. First, we replaced attitude with intention. Based on the relationships in the TAM, we additionally modeled that social influence is positively related to intention (Venkatesh et al., 2003) . The standardized results (Figure 6 ) demonstrate that: (a) as suggested by the TAM, performance expectancy predicts intention. However, in this mandatory environment, the coefficient is .402, less than half of that for attitude (.815, Figure  5 ); (b) contrary to the central TAM proposition, intention is not a significant predictor of use; (c) although the link between intention and overall satisfaction also is significant, intention only explains 18.9% of the variance in overall satisfaction, as opposed to the 70.1% that attitude explains. Next, we also tested another alternative model, this time including both intention and attitude in the model (Figure 7 ). Since earlier versions of the TAM posited that attitude is a predictor of intention, we added a relationship between the two. Test of this model shows that: (a) diametric to the TAM proposition, in the mandatory environment, attitude no longer predicts intention. In other words, when use is mandated, the attitude of users really does not or cannot matter because they are required to use the system regardless of their affective feeling toward the system; (b) with the two constructs placed alongside each other, performance expectancy still is a much stronger predictor of attitude (beta = .817, p <.001) than of intention (beta = .333, p <.01); (c) with the addition of attitude, the percentage of explained variance of overall satisfaction increases substantially from 18.9% to 70.7% (on par with the 70.1% in Figure 5 ); (d) attitude is a much stronger predictor of overall satisfaction (beta = .799, p <.001) than intention is (beta = .087, p <.01); (e) with the addition of intention, attitude is no longer a significant predictor of use. However, note that in all three models compared, the R 2 for use is only 1%. This may suggest that in mandatory environments, use is indeed irrelevant. Viewed from another angle, it may be that current theorization based on TAM constructs is not effective in explaining the variance in use. To sum up, in mandatory environments, the intention-centered causal link that is the mainstay of the TAM no longer holds. Neither supported is the quintessential hypothesis of the TAM that intention is a strong predictor of use. Therefore, for mandatory use of software, the explanatory power provided by the TAM comes not from the causal chain centered on intention, but from psychological constructs such as performance expectancy and attitude. Our findings show that in mandatory settings, the relationships among these constructs as postulated by the TAM indeed are still significant. We recommend that future researchers of mandatory use, if employing constructs from the TAM literature, include attitude toward system use as a key variable in their theory development. This study contributes to our understanding of the informing science framework. First, E. Cohen provides a one-sentence definition of informing science -it is about how to "provide their clientele with information in a form, format, and schedule that maximizes its effectiveness" (E. Cohen, 1999, p. 215) . He also recommends the examination of a person's psychological and affective factors as well as the context and environment in which the person operates. We find it imperative to explore the mandatory computing environment because it is still significantly underexplored despite its omnipresence today. Second, our study demonstrates the effectiveness of the informing science framework in generating insights that may be overlooked if a "laser" research (E. Cohen, 2009) approach is taken. As can be seen from our review of extant literature, researchers, usually under the strong influence of the traditional, "laser" school of thought for epistemology and research methodology, tend to focus on a subset of a larger picture. A common TAM modeling pattern is to stop at use. By following the principles of informing science, especially by conceiving the system at multiple levels of abstraction, we realize that the typical TAM-like approach only focuses on one level of abstraction. However, in mandatory environments, the first-level abstraction, namely, informing via system use, is decreed and strongly enforced. Notwithstanding, the client in this informing instance, the captive users, should not be assumed to be passive. In addition, the mandatory nature of system use does not necessarily create a uniform outcome from the informing instance. One critical factor that causes variation in the outcome of informing is the quality of the information generated by the system. Where, inside the complexity of user psychology, will we see the consequences of factors like this? If we dwell on the typical TAM criterion variables, we may not be able to detect the most meaningful consequences. With intention and use held relatively constant in mandatory environments, they are not likely to be the constructs whose variances sufficiently reflect the impact of key factors in the environment. This can be seen in the small R 2 s of intention and use in our models (e.g., Figure 6 ). If we conceive a higher level of abstraction, i.e., creation of a new informing instance, then it is easy for us to see the impact of those factors. At this level, the client becomes the informer while serving the organization's clientele. The main goal of the information system is not achieved in the first informing instance, to which intention and use are related. The second-level abstraction explicates the true mission of information systems -to serve the clientele and thus to beget benefits for the organization, including a better relationship with the clientele. What connects the two levels of informing instances is the user's satisfaction. An employee who is satisfied with using the system is more likely to use the system wholeheartedly and correctly and, in turn, more likely to contribute to the success of the second-level informing instance. A strong predictor of the users' overall satisfaction is their attitude toward system use. These relationships are evidenced by the strong relationships between attitude and overall satisfaction (H6) and between satisfaction and net benefits (H8) in our model.
In short, adopting the informing science framework, we visualize the system as being used for two informing instances. As the result, we are able to integrate important constructs into our model. This is particularly relevant to mandatory systems because they are often decreed to achieve the goals of the higher-level instance of informing.
The third level of abstraction is about changing system design in an informed way. Information systems researchers strive to uncover critical variables that explain user psychology and behaviors. System designers avidly pursue methods to improve system quality and outcome. Both groups in fact share the common goal of designing better systems that users are more willing and able to use. Our research findings also furnish some insights that can be of help at the third level of abstraction. They are discussed in the implications section.
Implications
Organizations usually are in power to push through the use of mandatory systems. Short of quitting their jobs, employees do not seem to be in a good bargaining position. However, mandatory use potentially can cause dissonance between employees' expectations and the reality of the systems, leading to negative attitude. Therefore, an important question for designers of these systems to ask is, How do we ensure that the employees are well informed by and also develop a positive attitude toward the systems?
For future research on mandatory environments, we suggest that attitude, instead of intention or use, be used as a key variable. Moreover, the determinants of the psychological constructs war-rant further investigation than was previously done with the TAM. Our findings bolster the relationships posited in Wixom and Todd's (2005) model. Specifically, information quality significantly affects information satisfaction, which, in turn, impacts performance expectancy.
Key factors that may impact the relevant psychological constructs thus need to be scrutinized. In this study we extend the Wixom and Todd (2005) model by exploring the role played by social influence. This is necessary because in mandatory settings, the utility value of the system is of particular importance. A user's performance using the system impacts and is impacted by other users' performance. In other words, the users are interrelated to each other. Thus, when a user forms an attitude toward the system, it is inevitably under the influence of what his or her superiors and peers think about the consequences of his or her use of the system. Indeed, our data analysis shows that social influence significantly affects a user's behavioral attitude.
For system adoption researchers, this study can be helpful by proposing and validating a model that is theoretically grounded and conceptually consistent with the reality of mandatory system use. Previous models of mandatory information system use typically apply a variant of TAM to mandatory and volitional environments indiscriminately (e.g., Hartwick & Barki, 1994) . This practice is prone to mixed findings. It also causes a conceptual irony in that the intention construct still takes on a central role in the models despite the requirement in mandatory environments that the users have to use the system whether they prefer to use it or not. Our proposed model resolves this irony by focusing exclusively on mandatory environments and removing the intention construct. We test its validity by examining two alternative models that replace attitude with intention (Alternative Model 1) or compare the effects of attitude and intention side by side (Alternative Model 2). Both models fail to support the attitude-intention-use cause link in the TAM, thus testifying to the need to modify the TAM to explain mandatory use. These results are consistent with a similar finding in Nah et al. (2004) , which examines a mandatory ERP environment.
Our study has two major implications for system designers. For one, the first step in building a system that users will like is to ensure a high-quality system. Mandatory systems typically are not "hedonic systems" (Van der Heijden, 2004) and the major driver for user attitude is how well they facilitate users' tasks. Previous studies show that system quality and information quality strongly influence the quality of business operations (Prybutok & Spink, 1999; Salmela, 1997) . Thus, if system engineers are diligent in ensuring the quality of system output, the resultant system is more likely to please users, hence reducing users' psychological objection to the system or to the loss of volition. This can be done by implementing prototyping techniques to extract user requirements precisely (e.g., Davis & Venkatesh, 2004) , following structural development methodologies such as software process improvement (SPI) (Green, Hevner, & Collins, 2005) , etc. However, designers should bear in mind that high-quality information does not automatically lead to high business value. The additional ingredient for success is close collaboration between system designers and managers (Salmela, 1997) . Therefore, in addition to the technical skills required for ensuring information and system quality, a successful system engineer must acquire dexterity in communicating with business managers. Also, given our findings about the impact of social influence on user attitude, we suggest that business managers pay special attention to creating the positive effects of social influence. Implementing mandatory systems may seem deceptively easy because use in such environments is decreed. This often is accompanied by exaltation of the benefits of the system. However, regardless of the quality of the system output, sooner or later the employee will detect management's true perception of the system. If standing behind the system is lip service or lack of faith, employees will form passive or negative attitudes toward system use. Therefore, to foster positive employee attitude, the organization should take a positive position toward system use and provide organization-wide support, including a large training program (Schepers & Wetzels, 2007) . Also, for mandatory systems, users usually do not have much say in the system adoption decision process, which can easily cause users to doubt the imposed system. Subjective norm is found to help to cultivate users' trust in information systems (Li, Hess, & Valacich, 2006) . Thus, management's expression of their genuine belief in the quality and benefits of the new system can dissipate employees' doubt and encourage positive attitudes.
Limitations
There are a few limitations to our study. Given the constraints of our data collection process, we were unable to gather more detailed usage information. Our measurement of the use construct was insufficient to capture the gamut of system use. Burton-Jones and Straub (2008) suggested that use is a much more complex construct than many researchers perceive it to be. The exact measure of use needs to be determined by analyzing the relative importance of three elementssystem, user, and task -to the phenomenon that a researcher sets out to study. Therefore, our future study will adopt more focused measures of use to better gauge those aspects of use that are unique to mandatory use.
In addition, it would be interesting to study the consequences of users' behavioral attitudes in mandatory settings. These may not be reflected in explicit usage but rather subtly in the degree to which users incorporate system use into their job performance. Our current study lacked the scales to capture the finesse of user behaviors in this respect.
The external validity of our study may be limited because it was conducted in a municipal government environment. It was specific to the operational characteristics of the local government. For example, the variety of departments involved was fairly wide, including a health department, a power generating utility company, a trash collection company, the city police, etc. Whereas this variety lends some support to the external validity of our findings in that some of departments resembled for-profit operations, the applicability of our findings to private sector organizations remains to be tested in future studies.
Conclusion
In this paper, we develop a model for mandatory system use by adopting an informing science perspective that views systems at three levels of abstraction. We argue that mandating use only ensures that a particular system is implemented for the informing instance that takes place at the first level of abstraction. Good quality information output provided to the user helps to form positive user attitude, which is much needed for creating new informing instances for the organization's clientele. Analysis of empirical data collected from municipal government users lends support to our model. We recommend that future researchers further investigate the effects of attitude, instead of intention, on mandatory use. Our study also contributes to the third level of abstraction by offering insights into system design.
